Introduction
The brain is considered as an immune-privileged organ; however, the presence of lymphatic vessels in the meningeal compartment of the brain supports the involvement of peripheral lymphocytes in mediating brain immunity [1] . Mostly microglia in brain maintain homeostasis by secreting neurotrophic factors, but in case of infection or inflammation, they secrete pro-inflammatory cytokines (interferon [ Ifn ]-γ, tumour necrosis factorduced size of the corpus callosum and anterior commissure, abnormalities of the cerebral cortex and cerebellum, and absence of the pineal gland [7, [10] [11] [12] [13] have also been observed due to the mutation in Pax6. The age-associated neuronal loss, glial activation [14, 15] , alterations in astrocytes and microglia [16] , infiltration of T-cells, reduced neurogenesis [17] , and Pax6-positive cells in brain [18] have also been reported. The Pax6-dependent regulation of astrocyte-such as glial development [19] and functions of Pax6 as a dual transcriptional activator and repressor [20] have also been described recently. Since the Pax6 has been found co-localised and interacting with p53, TGF-β, Smad, Sparc, and Bdnf in brain, it is presumed that Pax6 may interact with genes of microglia ( Tmem119 ), astrocytes ( S100β , Gfap ), pro-inflammatory cytokines ( Ifn-γ, Tnf-α ), and anti-inflammatory cytokines ( Tgf-β ) to regulate cascades of genes involved in brain-specific immunity either directly or indirectly ( Fig. 1 ) . Therefore, it has been intended to explore interactions of Pax6 with sequence elements in the brain of aging mice.
Methods

Maintenance of Animals
Albino mice of AKR strain were used for the experiments. Mice were maintained at 25 ± 2 ° C. They were fed upon standard mice feed in pellet form. Tap water was supplied. The life span of both male and female mice is 75 ± 5 weeks. Mice were maintained as per the approved guidelines of Institutional Animal Ethical Committee. The male mice were used for experiments. Their age was postnatal (P0), day 0; young (Y), 4 ± 2 weeks; adult (A), 15 ± 4 weeks; and old (O), 70 ± 5 weeks. The experiment was carried out 4 times ( n = 4) using the brain of one mice in each age group per experiment.
Chromatin Immunoprecipitation
Chromatin immunoprecipitation (ChIP) was done using the basic method [21] , with some modifications. The lysates of brain (neonate, young, adult, old) was prepared in 30 m M Tris-Cl (pH 7.4), containing 1 m M EDTA, 250 m M sucrose, and 50 m M mannitol. Cross linking and chromatin preparation from lysate was done by 1% formaldehyde. To stop the cross-linking reaction, 125 m M glycine was used. Nuclear extract was collected by centrifugation at 10,000 g for 10 min. Nuclear lysis was performed in ChIP lysis buffer containing 0.1% sodium deoxycholate, 1% triton x-100, 1 m M EDTA (pH 8.0), 140 m M NaCl, 50 m M HEPES-KOH (pH 7.5) followed by sonication. The supernatant after sonication containing chromatin was incubated for 4 h at 4 ° C for immunoprecipitation with anti-Pax6 antibody (sc-11357, Santa-Cruz Biotech, USA). In negative control, anti-human IgG (HPO-1, Genei) was used. After centrifugation at 10,000 g , reverse linking was performed by adding 120 m M NaCl and incubation at 65 ° C for 1 h. DNA obtained through immunoprecipitation was purified through phenol: chloroform purification method. The pulled DNA was checked on 1% agarose gel. The input DNA was obtained by reverse linking the chromatin prepared without antibody incubation as described above.
Polymerase Chain Reaction Using Pulled DNA
The pattern of genes in pulled DNA was analysed using genespecific primers for Pcna, S100β, Gfap , Bdnf, Sparc, Sod, Cat, Ldh , Ifn-γ, Tnf-α , Tmem119 ( Table 1 ). The polymerase chain reaction (PCR)-amplified products were evaluated on 1% agarose gel.
Sequencing and Annotation of Sequencing
Sequences were analysed using Blat (http://genome.ucsc.edu/ cgi-bin/hgBlat) and annotation using neural network promoter prediction (http://www.fruitfly.org/seq_tools/promoter.html). Predicted promoter sequences were analysed using Blastn (http:// blast.ncbi.nlm.nih.gov/Blast.cgi) and predicted genes using uniprot (http://www.uniprot.org/) and GeneCards (http://www.genecards.org/).
Results
Pax6 Shows Differential Binding to Promoter Sequence Elements in Brain
The results suggest age-dependent alterations in binding of Pax6 with genetic sequence elements of Bdnf , Sparc , Pcna , Ifn-γ , Tnf-α, Sod , Cat , Ldh , Tmem119 , S100β , and Gfap ( Fig. 2 ) . The interaction of Pax6 with genetic sequence elements of Sod was found from young to old brain, whereas Cat was observed in old brain and Ldh in young and adult brain. The interaction of Pax6 with sequences of Bdnf was observed in the brain of young to old age group mice, while Sparc was observed in young and adult brain, which seems to be strongly associated with neuronal health. The Pax6 was observed interacting with sequences S100β from young to old age whereas Gfap was recognised only in adult and old brain. The S100β is known to play a neuroprotective role in nanomolar concentration and leads to neurodegeneration when found in micromolar concentration. The GFAP being an astrocyte 
Promoter Sequence Analysis in silico Indicates Genes Associated with Energy Homeostasis and Neurodegeneration
Sequencing of PCR products of Pax6 (KT3142180), Pcna (KT 314220), and S100β (KT 314222) and analysis indicates the presence of promoters ( Fig. 3 ) in each sequence. Genomic BLAST suggests its presence on 5 ′ -upstream and 3 ′ -downstream of various genes of diverse biological functions including energy homeostasis, metabolic activity, and immunity ( Fig. 4 ) . These promoters are found to be present on the 5 ′ -upstream of tyrosine protein kinase Mer which transduces signals from the extracellular matrix into the cytoplasm. It has been associated with macrophage clearance of apoptotic cells, inhibition of TLRs-mediated innate immune response by activating STAT1, which selectively induces the production of suppressors of cytokine signalling SOCS1 and SOCS3. The protein kinase C theta type mediates non-redundant functions in TCR signalling, including T-cell activation, proliferation, survival by mediating activation of multiple transcription factors such as NF-κB, Jun, and NFATC1. The retinoic acid receptor and retinoid X receptor alpha downregulates TGF-β1 promoter and plays a major role in axon regeneration, during aging, cellular response to insulin, and inflammatory responses. The oxidative stress responsive serine rich protein maintains homeostasis by regulating the immune system, cellular response to hydrogen peroxide, and protein metabolism. The GATA3, transactivation enhances T cell receptor alpha and delta genes. It is required for Th2 differentiation process following immune and inflammatory responses. The complement component, C1q receptor (CD93), mediates the enhancement of phagocytosis in monocytes and macrophages. The neuronal protooncogene tyrosine protein kinase (Src) responds to ROS, TGF-β stimulus, and regulates innate immunity. The antileukoproteinase (Slpi) modulates the innate immune response after bacterial infection. It regulates the activation of NF-κB and inflammatory response.
These promoters are also found on Presenilin-1 (Psen1) that regulates amyloid precursor protein (APP), processing through their effects on gamma-secretase, an enzyme that cleaves APP, Annexin A5, favourable markers of AD, restricted to glial cells, Pannexin-1, activates innate immune cells of choroid plexus and involves in cell-cell signalling, synaptic plasticity, neprilysin, abeta degrading endopeptidase clears brain amyloid protein. These promoter sequences also match to upstream of genes, which regulate metabolic activities and maintain energy homeostasis such as glutathione S-transferase omega-1, carbonic anhydrase, glucose-6-phosphate isomerase, phospholipase C β3, beta-1,3-N-acetylgalac- tosaminyltransferase 1, dihydropyrimidine dehydrogenase, alcohol dehydrogenase 1, carboxylestrase, acylcarnitine hydrolase, Aspartylglucosaminidase, nicotinamide nucleotide adenylyltransferase 3, glucose-6-phosphate dehydrogenase ( Fig. 4 ) .
Conclusion
ChIP with anti-Pax6 antibody indicates age-dependent alterations in binding of Pax6 to the regulatory sequence elements of genes involved in immunological surveillance and energy homeostasis in brain during aging. Interaction of Pax6 with the regulatory element of Psen1 also regulates the cleavage of APP and management of Alzheimer's disease. Thus, Pax6 appears as a grid to regulate cascades of genes associated with energy homeostasis, neurodegeneration, and immunological surveillance in brain.
